Concerns about the dangers of cardiovascular diseases have been a major problem all over the world. Hypertension which is one of the commonest cardiovascular diseases is gradually usurping the minds of public health workers globally. The disease is the most common cause of morbidity and mortality all over the world. In this study, we employed the Box-Jenkins approach to model and forecast admissions and outpatient hypertension cases in Navrongo. The analysis showed that ARMA (1, 1) and ARMA (3, 2) models were adequate for modeling and forecasting admission and outpatient cases respectively. Although, our forecast shows a decreasing pattern in admission and outpatient cases, this does not provide grounds to infer that the disease is not prevalent but rather the Ministry of Health and public health workers should organize educative programs for the indigenes to help minimize the prevalence of hypertension.
INTRODUCTION
Hypertension, also known as high blood pressure is one of the cardiovascular diseases that are gradually usurping the minds of public health workers globally.
An individual is hypertensive if he or she experiences a repeated elevated blood pressure exceeding 140 over 90 mmHg (a systolic pressure above 140 with diastolic pressure above 90). The disease is the most common cause of morbidity and maternal mortality all over the world. It was estimated that more than a quarter of the world's population was hypertensive in the year 2000, a number totaling nearly one billion and the number is expected to increase to 1.56 billion people world wide by the year 2025 (Kearney et al., 2005) .
In Ghana, the prevalence of hypertension in urban Accra was estimated to be 28.3% (crude) and 27.3% (age-standardized) (Amoah, 2003) . Also, a study on the changing patterns of hypertension in four rural communities in Ghana showed prevalence of 25.4%. The study revealed that of those with hypertension only 32.3% had prior knowledge of their condition and less than half of these were on treatment (Addo et al., 2006) . A survey conducted by Burket (2006) on blood pressure in the Volta Region of Ghana reported a frequency of 32.8% for hypertension with percentages of male and female been 30.7% and 39.4% respectively. Cappucio et al. (2004) in their study in the Ashanti region divulge a prevalence of hypertension of 28% for the Ashanti tribe in Ghana. According to the World Health Organization (WHO) African Regional Consultation meeting report on global strategy on diet, physical activity and health, the risk for non-communicable diseases appear to be gaining importance in Ghana, with prevalence of high blood pressure estimated at 30-40% although prevalence data for survey are generally inadequate (WHO, Harare, 2003) .
Knowing the pattern of this detrimental disease could help public health workers and government to organize educative programs for citizens on causes of hypertension and it associated problems.
We therefore employed the Box-Jenkins approach to model and forecast hypertension cases in Navrongo, Ghana.
MATERIALS AND METHODS
The study area for this research is Navrongo. Navrongo is located in the Upper East Region of Ghana, West Africa. To achieve the stipulated objective, we collected data on admission and outpatient hypertension cases recorded on quarterly basis from 2000 to 2010 from the War Memorial Hospital located in Navrongo. The data were model using Autoregressive Integrated Moving Average (ARIMA) stochastic model popularized by BoxJenkins (1976 ) process, the theoretical PACF has non-zero partial autocorrelations at lags 1, 2,..., and has zero partial autocorrelations at all lags, while the theoretical ACF has non-zero autocorrelation at lags 1, 2,…, and zero autocorrelations at all lags. The non-zero lags of the sample PACF and ACF are tentatively accepted as the and parameters. For a non stationary series the data is differenced to make the series stationary. The number of times the series is differenced determines the order of Thus, for a stationary data and ARIMA ( ) can be written as ARMA ( ).
Estimation of parameters: the second step is the estimation of the model parameters for the tentative models that have been selected. When the -value associated with the Q is large the model is considered adequate, else the whole estimation process has to start again in order to get the most adequate model. Here all the tests were performed at the 5% level of significance.
RESULTS AND DISCUSSION
The maximum and minimum number of patients admitted with hypertension problem was 57 and 7 respectively. For the outpatient hypertension cases, the maximum was 365 and the minimum was 17. The average number of outpatient hypertension problem was 116.1 and that of those on admission was 21.84. The coefficient of variation for admission and outpatient cases were 40.27 and 71.48 respectively. This shows that the admission cases were more stable than the outpatient cases. The instability in the number of outpatient cases could be ascribed to the higher number of outpatient hypertension problems encountered over the period. The rapid decay in the ACF and PACF as depicted in Figures (I and II) shows that the data for the admission and outpatient cases were stationary. For the admission cases the ACF was zero after lag two ( and the PACF was zero after lag one ( Thus, our tentative model for the admission cases was ARMA (1, 2). To identify the tentative model for the outpatient hypertension cases, the ACF and the PACF were both zero after lag three ( Our tentative model for the outpatient cases is therefore ARMA (3, 3). To ensure that these models are representative of our data we examined the ACF and PACF of the residuals resulted from fitting these models for our data. It was clear that no pattern was observed in the residuals for the ARMA models fitted. This shows that the models could be used to represent our data. After, we fitted ARMA (1, 2) and ARMA (3, 3) for admission and outpatient hypertension cases respectively. After fitting the models, it was realized that for ARMA (1, 2) model, one of the Moving Average (MA) parameters was not significant so we dropped one of the MA parameters and estimated ARMA (1, 1). We examined the ACF and PACF of the residuals for this model and it was clear that the residuals are white noise. This implies that ARMA (1, 1) could be used to represent the admission cases. It is important to note that not only models with the minimum residual sum of squares is needed to fit the data but also, models with the least number of parameters are needed. Therefore the correlation matrix was tested to check if any of the parameters are strongly correlated in order to eliminate any of the correlated ones. Table I , shows the correlation between parameter values of the ARMA (1, 1) model for admission cases. There is no strong correlation between the parameter values, thus all the parameters are important to build the ARMA (1, 1) model. Therefore, ARMA (1, 1) was estimated for admission cases as depicted in Table II . The correlation matrix for ARMA (3, 3) model was examined. As shown in Table III , there was strong correlation between the model parameter values, thus some of the parameters need to be removed from the model. By eliminating any of the AR or MA parameters we will end up with the following models ARMA (2, 3) model with residual sum of squares of 171439 and ARMA (3, 2) model with residual sum of squares of 5255. The result shows that ARMA (3, 2) model is better than ARMA (2, 3) model. Thus ARMA (3, 2) was estimated for outpatient hypertension cases as shown in Table IV. Also, an overall check of the models adequacy was made using the Ljung-Box statistics. Table VI, shows that the Ljung-Box statistics was large indicating the models were adequate.
Lag
Finally, we made a quarterly forecast of the admission and outpatient cases using ARMA (1, 1) and ARMA (3, 2) over a period of five years respectively. The forecast are shown in Table VII at the 95% confidence interval. The forecast for 2011-2012 admission cases for quarter one was 21.70 with a 95% confidence limit of (6.76, 36.64) and that of outpatient was 114.89 with a 95% confidence limit of (-15.09, 244.87) . For 2015-2016, the forecast for admission for quarter one was 21.57 with a 95% confidence limit of (-7.81, 50.95 ) and the outpatient cases were 114.63 with a 95% confidence limit of (-186.27, 415.53) . It must be noted that short term forecast is better as the errors of forecast increases with the increase of the periods of forecast. (2) AR (3) MA (1) MA (2) MA (3) AR (1) In addition, the ACF and PACF of the residuals for ARMA (1, 1) and ARMA (3, 2) were examined. As shown in Figures (III and IV) there is no pattern in the residuals. The residuals for these models were again tested for normality using the Anderson-Darling test.
As shown in Table V , the test shows that the residuals for these models were normally distributed. 
CONCLUSION
Our forecast shows that there is a decreasing trend in the admission and outpatient hypertension cases in Navrongo. This decreasing pattern does not guarantee public health workers in the area to infer that the disease is not prevalent. Rather the Ministry of Health (MoH) should liaise with health workers in the area to provide intensive education to the indigenes on risk factors of hypertension, causes, consequences and the need to report medical facilities with hypertension problem for treatment.
